The benzene-SO2 and pyridine-SO2 complexes have been observed for the first time using Fourier transform microwave spectroscopy. The complexes have different geometries. In benzeneSO*, the two planar species are stacked one above the other. In pyridine-SOz, the pyridine plane rotates by 70", so that it is more nearly perpendicular to the SO2 plane.
We have investigated the complexes of SOZ with two aromatic compounds, benzene and pyridine, by Fourier transform microwave (FTMW) spectroscopy; the two adducts have contrasting spectra and structures. In benzene-S02, the two planar moieties are stacked one above the other suggestive of a X--IC interaction. The spectral features indicate an internal rotation or tunneling motion between the benzene and SOZ. In pyridine-SOz, the pyridine plane rotates by approximately 70" and is more nearly perpendicular to the SO2 plane. The nitrogen end is directed towards the SO, suggestive of a o--R interaction. No evidence for facile internal rotation has been found.
The spectra were observed in a pulsed molecular beam FIMW spectrometer [8] . Mixtures of approximately 98% Ne, 1% SO, and 1% C6H6 or C5H5N were employed. In the case of benzene-SOZ, 27 u and c dipole transitions were assigned and are shown in table 1. The second-order Stark effects and frequency fit ( 12 kHz rms) confirmed the assignment. The rotational constants for this species and for C,D,-SO, which was fit similarly are given in table 2. There are additional transitions with first-order Stark effects which form series at roughly (B + C) (J+ 1 ), somewhat similar but not identical to compounds with a low barrier to internal rotation such as CH,NO, [9] ; they have not yet been assigned. These transitions and the large A constant of 560 the complex indicate that we have assigned the transitions in the m =O state (no quantum of internal rotational angular momentum) while the unassigned lines either have m # 0 (one or more internal quanta) in a low barrier limit or originate from states tunneling through a more appreciable barrier. Because fig. 1 or 2 . In both figures, the a inertial axis is nearly parallel to R, ,,., and the c axis lies in the symmetry plane perpendicular to a. benzene-SO2 has both a and c selection rules the axis of internal rotation is not necessarily a principal inertial axis, although it appears to be approximately aligned with the a axis since the A rotational constant is close to the constant for free SO2 perpendicular to its C', axis (8799.65 MHz) [lo] . If the B and C constants are assumed to be unperturbed by the internal rotation (and if C, symmetry is preserved and the benzene and SO2 structures do not change upon complexation) , some structural information can be determined. A model which describes the complex involves three parameters: R,., which joins the centers-of-mass of both partners and two angles, 0+90" and o+ 90", which describe the angle that the SO2 or benzene planes respectively make with R c-m. (fig. 1) . While R,.,,. can be determined from the B constant (parallel axis theorem), only pairs of 8 and @ can be obtained by fitting C. The values consistent with the data are given in fig. 1 . The different curves for 8 and @ for the CsH6 and C6D6 complexes are indicative of large amplitude vibrational motions for the van der Waals modes in these weak complexes. While the signs and magnitudes of the angles are ambiguous, the gross configuration of the complex is undoubtedly correct.
The spectrum of pyridine-SO2 is also characterized by a and c selection rules. Twenty-nine transitions have been assigned for the normal isotopic species (6 kHz rms) which are given in table 3. Transitions are split by the nuclear quadrupole interaction of r4N which confirms the assignment. The rotational and quadrupole coupling constants are given in table 2 for the normal species and two other isotopes which were fit similarly. The A constant is where d(N-S) is 2.28 (3) A [ 51. However, the second conformation cannot be excluded at the present time. Additional study of these systems will be necessary to provide more detail on the precise structures, vibrational averaging effects, etc.
In the introduction, these dimers were described as x-n and o-n complexes. While these descriptions using HOMO-LUMP language have some pictoral and perhaps predictive effectiveness, a growing body of evidence indicates that electrostatic interactions play a major role in determining the structures of weak complexes [ 1 l-l 5 1. For example, studies of TMA-SO2 and H3N-SO2 [ 5,111, where the amine nitrogen is oriented towards the SOZ plane in a fashion similar to pyridine-SOz, indicate that electrostatic interactions can account for its geometry. Thus, it seems likely that an electrostatic model involving the interaction of the electric fields and polarizabilities of benzene, pyridine and SOZ can rationalize the different structures. We are exploring this question for the complexes as well as obtaining more precise structures, vibrational averaging effects, barrier information, etc. from the spectroscopic data.
